The proteins of the virus particles, empty capsids, and I2S subunits of foot-andmouth disease virus were compared by polyacrylamide gel electrophoresis in neutral phosphate buffer with SDS and in I M-propionic acid with urea. In the first system the tool. wt. of the observed components were estimated and in the second system proteins with similar mol. wt. were resolved by their different charges. The proteins were either denatured by urea, reduced by mercaptoethanol, or oxidized by performic acid. They were dissociated completely only by reduction or oxidation. By denaturation with 8 M-urea, dimers with rnol. wt. of about 58ooo were observed. In propionic acid-urea electrophoresis, each of the three virus types A2 Spain, Ol Kaufbeuren and C Upper Bavaria showed three main proteins (VP I, VP 2, VP 3) and a fourth fast-migrating protein, VP4. The rates of migration of VP I and VP 3 were approx, the same in all types, whereas VP 2 showed differences between types. The component VP 4 was not present in the empty capsids or in the I2 S subunits. On elution of the proteins from the gets used in propionic acid-urea electrophoresis followed by re-electrophoresis in both systems, it was found that the relative electrophoretic migration rates of VP I and VP 3 were opposed in the two systems. The oxidized proteins VP I, VP 2, and VP 3 had similar mol. wt. of about 26 ooo to 28 ooo but varied in charge. Of the native virus, only one protein was split by trypsin, leaving two detectable fragments of 95oo and 185o0 daltons.
INTRODUCTION
The foot-and-mouth disease viruses (FMDV) belong to the picornavirus group. Their structure is similar to that of entero-and rhinoviruses (Wildy, i97i ; Vande Woude, Swaney & Bachrach, 1972; Newman, Rowlands & Brown, 1973) . During the last two years different authors have described, at least for FMDV of type O, three different proteins (VP I, VP 2 and VP 3) with mol. wt. between 25ooo and 34ooo and a fourth protein (VP 4) of about I3OOO (Burroughs et aL 1971; Charlier et al. I97I; Vande Woude & Bachrach, 1971; Talbot & Brown, ~972) . We have also demonstrated by using an acid electropboretic system that FMDV of type C has three main proteins (Strohmaier, Schwoebel & Hindennach, 1967) . From experiments with other types of FMDV, however, we concluded that two of the three proteins originated from a single protein. The electrophoresis in the SDSneutral phosphate buffer system separates proteins mainly according to tool. wt. (Maizel, I06 K. STROHMAIER AND K.-H. ADAM I966; Shapiro, Vifiuela & Maizel, I967; Dunker & Rueckert, I969) , because SDS masks the specific charges of the proteins. This method is unsuitable for the separation of proteins with similar tool. wt. Therefore we tried to separate the proteins on the basis of charge by electrophoresis in a SDS-free system. We found electrophoresis in propionic acid to be a simple and useful method of separation (Choules & Zimm, I965) . By comparison of the two methods it was possible to gain additional data concerning the tool. wt. of separated proteins. In order to detect sulphur bonds, we determined the electrophoretic behaviour of proteins (I) after denaturation with urea, and in (2) reduced, and (3) oxidized form. Similarly, we compared viruses of three types (A, O and C): the proteins of the empty capsids, the 12 S subunits, and the virus proteins before and after treatment with trypsin.
METHODS

Virus.
The three virus types used were A2 Spain, C Upper Bavaria and O1 Kaufbeuren. All of them had been repeatedly cloned to select a uniform virus population.
Virus and empty particles production and purification. Virus was propagated in roller flasks using BHK-21 ceils and the serum-free media PM I3 (Serva, Heidelberg, West Germany). Cells were broken by ultrasonic treatment in a continuous-flow apparatus (Sch611er, 6 Frankfurt, West Germany) and cell debris removed by clarification in a separator (Westphalia Separator). The virus was precipitated twice by 6 ~ (w/w) polyethyleneglycol and the final precipitate dissolved in I[I5O of the original vol. of 0"05 M-phosphate buffer solution, pH 7"6, containing 0-2 M-NaC1. After centrifuging at 20000 rev/min for I5 rain, 23 ml of the supernatant fluid was layered over a CsCl gradient with density steps of I'5, 1-35, 1-28, and 1.25 g/ml on tubes of the Spinco SW 27 rotor. After centrifuging at 26o0o rev[min for 5 h, the virus had banded between 1"5 and 1"35 g/ml and the empty capsids between 1"35 and ~.28 g/ml.
After dialysis against phosphate buffer the virus was centrifuged in a sucrose density gradient (5 to 35 ~, w/w) for 3 h and the empty capsids for 5 h in the SW 27 rotor at 26 ooo rev/min.
Treatment with trypsin. Prior to centrifuging on CsC1 cushions, I mg]ml trypsin was added to the clarified virus concentrate and incubated for 30 rain at 37 °C. By centrifuging on CsC1 cushions, the enzyme was separated quantitatively from virus and empty capsids, without change of sedimentation rates.
The I2S subunit. The virus was dialysed for 24 h against double-distilled water, treated with ribonuclease (to/zg/mg) and the split nucleotides separated in a Sephadex G 1oo column. The subunits obtained had a sedimentation coefficient of I2.I S (Strohmaier, I97I) .
Reduction and oxidation of the virus protein. The suspension of purified virus, the suspension of empty capsids, and the solution of the I2 S protein were dialysed against distilled water and concentrated using a rotary evaporator. For oxidation, the protein was suspended in formic acid and treated further according to Rudloff & Braunitzer (r96I) . To I'25 ml protein solution, o'5 ml of freshly prepared performic acid was added and the mixture incubated at o °C for 2"5 h. The solution was then frozen and lyophilized. Polyacrylamide gel electrophoresis. The procedure for SDS-electrophoresis was as described by Dunker & Rueckert (i969) : the Io ~o (w/v) gel at pH 7"z contained o.I Mphosphate ions, o.I ~ (w/v) SDS, o'o7 ~o (v/v) N,N,N',N' tetramethylethylenediamine and o'o75 ~ (w/v) ammonium persulphate. A current of 8 mA/gel was passed for 5"5 h. Staining was performed with I ~ (w[v) amido black in 7 ~ (v/v) acetic acid. For the determination of mol. wt., cytochrome C, myoglobin, chymotrypsinogen A, ovalbumin and bovine serum albumin were used as reference substances. Densitometer traces of stained gels were made with an adapter to the Analytrol (Beckman Instruments).
The electrophoresis in propionic acid was as described by Choules & Zimm (t965) . The samples were suspended in a mixture of o-2 M-propionic acid, 8 M-urea and Io ~ (v/v) glycerin, and to the reduced samples o-i ~ (v]v) mercaptoethanol was added. Electrophoresis was for 3"5 h at 2 mA]tube.
Separation of the virus proteins.
The oxidized virus proteins of type O were separated by electrophoresis for 7 h in propionic acid-urea gels. The zones of VP I, VPz, VP 3 were cut from the gels eluted in I M-propionic acid with 8 M-urea. After dialysis against distilled water, the proteins were dried in a rotary evaporator. For re-electrophoresis, a part of each protein was suspended in the starting buffer solution of each system and further runs were made with these and samples of the whole virus protein. The virus protein split only by urea showed one component ofmol, wt. z8ooo and a dimer of about 58ooo. Two other aggregates with tool. wts. from 8oooo to 9oooo were detected and some insoluble substance on the top of the gel, but only a small amount of fast migrating protein were detected.
RESULTS
Comparison of different denaturing proeesses
The reduction by mercaptoethanol as well as the oxidation by performic acid caused an elimination of the insoluble substance and the high mol. wt. components. Most of the protein was present in a broadened zone of 26oo0 to 28ooo daltons in addition to the fast-moving component VP 4 with a mol. wt. of approx. I 2 500. In the propionic acid-urea electrophoresis the urea-denatured protein showed slowly migrating components and a residue on top of the gel. In the reduced state there were three distinctly separated proteins (VP I, VP 2,VP 3) in addition to the fast-moving VP 4. The oxidized protein behaved similarly, except for VP 3 which migrated more slowly.
Comparison of the whole virus, the empty eapsids, and the I2 S subunits
In Fig. 2 the protein of the whole virus of type O is compared with the empty capsid protein and the protein of the IzS subunits in the oxidized form. A further column represents the urea-denatured virus protein to show the position of the undissociated aggregates. In this experiment the time for phosphate-SDS electrophoresis was prolonged to 6"5 h and resulted in resolution of the main zone. The three proteins VP I, VP 2 and VP 3 of from tool. wt. 26ooo to 28ooo were present in the whole virus as well as in the empty capsids and differences: in type A, VP z migrates fast and is near VP I; in type C there is a marked difference in rate, and in type O~ VP 2 is almost in the middle of the two. For VP4 no difference between the three types was detected. 
Effect of trypsin on intact virus
The reaction of oxidized virus protein after incubation with trypsin is demonstrated in
Re-electrophoresis of the separated proteins
To relate the proteins VP ~, VP 2 and VP 3 in the phosphate-SDS gels to the three zones in the propionic acid-urea electrophoresis, they were eluted from the gels as described and a second run made in propionic acid-urea electrophoresis and in SDS-phosphate. Fig. 6 shows that the proteins were separated by this method. The relative electrophoretic the same rate, which indicated similar mol. wt. Charlier et al. 0970 employing phosphate-SDS electrophoresis could recognize two different proteins in viruses of types C and A. With the propionic acid-urea electrophoresis it was possible to resolve the different proteins and to detect their presence and their state. Using only denaturation with 8 M-urea without splitting the sulphur bonds, most of the protein was present as dimers formed by two of the three coat proteins or as po/ymers. The proteins were separated by reduction with mercaptoethanol or by oxidation with performic acid. These results agree with those obtained by Talbot & Brown 0972) , who also found a dimer consisting of VP I and VP 2 when employing r mercaptoethanol and only o. 5 M-urea. It can be assumed that these conditions cause a breakage of the sulphur bonds, but not of the H-bonds. For separation of the particular proteins a breakage of the H-bonds by urea as well as of the sulphur bonds by reduction or oxidation is obviously necessary.
Comparing three representatives of the types A, C and O we were able to demonstrate the same number of proteins. Protein VP I of the applied strains as well as VP 3 migrate at approx, the same rate in the propionic acid-urea electrophoresis. These proteins must have almost identical charges. On the other hand the oxidized proteins of the three types seem to possess similar mol. wt. We suppose, therefore, that the proteins VP I and VP 3 of the three types consist of a similar number and composition of amino acids. Only VP 2 appears to have a different structure.
The VP 4 could only be found in the intact virus particle, and never in the empty capsids and the IzS subunits. Also Burroughs et al. 0970 could not detect VP 4 in the I2S subunit. It seems that this protein is not an accompanying part of the coat but of the RNA.
A VP o, as described by Vande Woude et al. 0972), could only be detected once in a run of empty capsids with virus of type A1 Spain. In oxidized fractions of intact virus particles we were never able to recognize this component. We conclude therefore that VP o does not exist as an integral part of the coat protein of the FMDV, as Vande Woude sup- 
